Ammonia/potassium exchange in methanogenic bacteria.
Methanospirillum hungatei exposed to ammonia in a K+-free buffer lost up to 98% of the cytoplasmic K+ through an ammonia/K+ exchange reaction. The exchange was immediate, and occurred in cells poisoned by air or by other metabolic inhibitors. Additions of NH4OH or various NH+4 salts (or methylamine) were most effective in causing K+ depletion in media of alkaline pH, suggesting that NH3 was the chemical species crossing the membrane. In alkaline media, the exchange reaction resulted in a dissipation of the transmembrane pH gradient (inside acidic), but had only small effects on the membrane potential until concentrations of ammonia were used above those required to abolish the K+ gradient. Through the use of NH4Cl to vary the cytoplasmic pH at a constant acidic external pH, and NH4OH to abolish the transmembrane pH gradient at various alkaline external pH values, we conclude that methanogenesis is sensitive to both the pH of the cytoplasm and the medium. Methanogenesis in Msp. hungatei and Methanosarcina barkeri was inhibited dramatically at external pH values more acidic than 6.5 or more alkaline than 7.5. Dramatic K+ depletion in response to ammonia additions at pH 8.0 occurred with Ms. barkeri, another strain of Msp. hungatei, Escherichia coli, and Bacillus polymyxa. In several other methanogens, ammonia/potassium exchange was hardly detected.